Phencyclidine (PCP) is a hallucinogenic drug, which in normal humans can produce psychotic reactions that resemble positive, negative, and cognitive symptoms of schizophrenia (Javitt and Zukin 1991; Javitt et al. 1999) . Because of these symptoms, it is suggested that PCP might be a useful drug-induced model of schizophrenia (Thornberg and Saklad 1996; Jentsch and Roth 1999; Sams-Dodd 1999) .
Phencyclidine (PCP) is a hallucinogenic drug, which in normal humans can produce psychotic reactions that resemble positive, negative, and cognitive symptoms of schizophrenia (Javitt and Zukin 1991; Javitt et al. 1999) . Because of these symptoms, it is suggested that PCP might be a useful drug-induced model of schizophrenia (Thornberg and Saklad 1996; Jentsch and Roth 1999; Sams-Dodd 1999) .
In experimental animals, PCP produces dose-dependent increases in stereotyped behavior, locomotor activity, and ataxia. Although PCP affects multiple neurotransmitters, its main site of action is through binding to the so-called PCP receptor located within the ion channel formed by the N-methyl-D-aspartate (NMDA)-type glutamate receptor (Javitt 1987; MacDonald et al. 1990; Javitt and Zukin 1991) . PCP binding to this site in-hibits NMDA receptor functioning in a noncompetitive manner. There is also substantial evidence implicating NMDA dysfunction in the pathophysiology of schizophrenia and other psychiatric illnesses (Olney and Farber 1995; Coyle 1996; Krystal et al. 1999) .
Several lines of evidence suggest an important role for the intracellular signal transduction pathways in the regulation of brain function, and mechanism of neural plasticity in responses to stress, antidepressant treatments and drugs of abuse (Duman et al. 1994 , Duman 1998 . One of these signal transduction pathways is the extracellular signal-regulated kinase (ERK) cascade, a member of the mitogen-activated protein (MAP) kinase family. This pathway converts extracellular stimuli at many cell surface receptors, such as tyrosine kinases and Gprotein coupled receptors (Marshall 1994; Crespo et al. 1994; Carraway and Carraway 1995) , and ion channels associated with the NMDA-type glutamate receptors (Campos-Gonzalez and Kindy 1992; Gass et al. 1993; Kurino et al. 1995; Xia et al. 1996) to intracellular signals controlling gene expression (Guan 1994) .
In the ERK pathway (Figure 1 ), Ras-GTP activates the serine/threonine kinase Raf, which in turn phosporylates and activates MEK1 and MEK2. Activated MEK, which is a dual specificity kinase, activates ERK1 and ERK2 (p44 and p42 MAP kinase) through phosphorylation on threonine and tyrosine residues. Activated ERKs are translocated to the nucleus and phosphorylate a variety of transcription factors including Elk-1, cAMP response element binding protein (CREB) and activating transcription factor (ATF). Both ERK 1 and ERK2 are highly expressed in neurons Thomas and Hunt 1993; English and Sweatt 1997; Flood et al. 1998) . They can be activated in response to nerve growth factor , electroconvulsive shock (Baraban et al. 1993; Kang et al. 1994; Bhat et al. 1998) , and glutamate receptor stimulation (Bading and Greenberg 1991; Fiore et al. 1993a; Kawasaki et al. 1999) . Moreover, recent studies have linked the MAP kinase cascade to important brain functions, such as memory consolidation and long-term neuronal plasticity (Berman et al. 1998; Blum et al. 1999; Impey et al. 1999) . Two other classes of MAP kinases, c-Jun N-terminal kinase/stress-activated protein kinase (JNK/SAPK) and p38, are activated by various stress stimuli, including ultraviolet irradiation, inflammatory cytokines and osmotic shock (Han et al. 1994; Rouse et al. 1994; Freshney et al. 1994; Rosette and Karin 1996; Lewis et al. 1998) .
In a previous study, we demonstrated increased levels of ERK2 protein in the cerebellar vermis but not in brainstem and frontal pole (Brodmann area 10) from patients with schizophrenia (Kyosseva et al. 1999 ). We found a significant elevation of MEK and c-Raf proteins in the vermis as well (unpublished results). Furthermore, we showed that the levels of downstream transcription targets, such as Elk-1, CREB and ATF-2 were also elevated in the cerebellar vermis in patients with schizophrenia (Kyosseva et al. 2000) .
In this study, we have, therefore, investigated whether chronic administration of PCP would produce alterations of MAP kinases in rat brain. Studies were conducted to determine the time-and dose-dependent effect of PCP on the activation of the MAP kinase cascades by measuring active forms of ERK and MEK, as well as JNK and p38 using Western blot analysis of brain tissue from rats infused with a pharmacologically active dose of PCP (Wessinger and Owens 1991) .
MATERIALS AND METHODS

Materials
Phencyclidine hydrochloride was obtained from the National Institute on Drug Abuse (Rockville, MD). Osmotic pumps for subcutaneous implantation were supplied from ALZA Corp. (Palo Alto, CA). The pumps used were Models 2ML2 (capable of up to 14 days infusion). Leupeptin, aprotinin, pepstatin A, phenylmethyl- Osmotic pumps for PCP or saline (control) infusions were implanted subcutaneous as previously described (Owens et al. 1993) . For the time-dependent effect of PCP, rats from treatment groups were infused with PCP at concentration of 18 mg/kg/day for either 3, 10, or 20 days, whereas saline was infused into the control animals. For the experiments involving effects of various doses of drug, rats were infused with PCP at concentrations of 2.5 mg, 10 mg, 18 mg, or 25 mg/kg/day, or saline for 10 days. All pumps were surgically implanted and removed (after the predetermined infusion period) at the same time of day. Animals were sacrificed 24 hours after the last treatment. The brains were removed, and samples were taken from the cerebellum, brainstem, frontal cortex and hippocampus for isolation of the cytosolic fraction.
Preparation of Brain Extracts and Western Blot Analysis
Cytosolic fractions from the cerebellum, brainstem, frontal cortex, and hippocampus were prepared as previously described (Kyosseva et al. 1999) . Briefly, brain tissue was homogenized in 10 mM HEPES buffer, pH 7.4, containing 1 mM EDTA, 1 mM EGTA, 2 mM sodium orthovanadate, 50 mM NAF, 10 mM sodium pyrophosphate, and 0.5% NP-40, supplemented with a cocktail of protease inhibitors (1 mM PMSF and 5 g/ ml leupeptin, aprotenin, and pepstatin). The homogenate was centrifuged at 12,000g for 20 min at 4 Њ C. The supernatant was used as the cytosolic fraction in our experiments. The concentration of protein was determined by the method of Bradford (Bradford 1976) .
Aliquots of each sample (50 g of protein) were subjected to 10% SDS-PAGE and after electrophoresis, the proteins were electrophoretically transferred to nitrocellulose membranes in a buffer containing 25 mM TrisHCl, pH 7.4, 190 mM glycine, and 20% (v/v) methanol. Equal loading and transfer of proteins was confirmed by temporally staining the membranes with Ponceau S solution. The nonspecific binding of proteins was prevented by treating the membranes with 5% nonfat dry milk in Tris-buffered saline/0.1% Tween-20 (TBST), pH 7.5 for 1 hr at room temperature. The membranes were incubated overnight at 4 Њ C with phospho-p44/42 MAP kinase, p44/42 MAP kinase, phospho-MEK 1/2, MEK 1/2, phospho-JNK, JNK, phospho-p38 MAP kinase, or p-38 MAP kinase antibodies, diluted 1:1000 in TBST containing 5% BSA.
After three washings for 15 min each, the blotted membranes were incubated with horseradish peroxidase-conjugated anti-rabbit IgG, diluted 1:2000 in TBST containing 5% milk for 1 hr at room temperature. After further washings, the enhanced chemiluminescence (ECL) method was utilized for detection. The 44-and 42-kD ERK, 54-and 46-kD JNK, and 38-kD p-38 bands were confirmed using control cell extracts (New England Biolabs Inc., Beverly, MA). When necessary, the blots were stripped of detection antibodies by washing the membranes several times with water. The membranes were incubated in a buffer containing 100 mM 2-mercaptoethanol, 2% SDS, 62.5 mM Tris-HCl, pH 6.7 at 65 Њ C for 30 min. After several washes in TBST, the blots were reprobed with a different antibody using the same procedure.
Densitometric analysis of the blots was performed on a Computerized Laser Densitometer model 300A (Molecular Dynamics, Sunnyvale, CA). The optical density of each band is expressed in arbitrary densitometric units using Image Quant software.
Statistical Analysis
Results are presented as mean Ϯ standard deviation (SD) values. Data were analyzed using one-way analysis of variances (ANOVA). When a significant difference was found for the time-dependent experiments, a post hoc Bonferroni/Dunnet test was used to determine which PCP dose groups differed from their timematched saline controls. Statistics were conducted using statistical software Statview for Windows, version 4.5 (Abacus Concepts, Inc., Berkeley, CA). A one-way ANOVA followed by a Student-Neuman-Keuls posthoc test was used to compare differences among groups receiving different infusion doses of PCP. This statistical analysis was conducted using the computer software package SigmaStat (Jandel Corporation, San Rafael, CA). P -values less than .05 were considered to be statistically significant.
RESULTS
Time-Dependent Activation of ERK by PCP in Cerebellum
The first question addressed in this study was whether repeated administration of PCP could cause activation of ERK1 and ERK2 in the cerebellum. The activation of ERK was determined by Western blot analysis using phospho-specific MAP kinase antibody that detects phosphorylated active forms of ERK1 and ERK2 proteins with 44-kD and 42-kD molecular weights, respectively. Rats were infused for 3, 10 or 20 days with PCP at concentrations of , and 20 days (lane 6) were subjected to 10% SDS-PAGE and Western blot analysis using a phospho-specific MAP kinase antibody that detects 44 kD p-ERK1 and 42 kD p-ERK2 (A, upper panel). The enhanced chemiluminescence (ECL) method was used for detection. Data for p-ERK1 (A, middle panel) and p-ERK2 (A, lower panel) were analyzed by scanning densitometry of autoradiograms and are presented as the mean Ϯ SD (n ϭ 4 per group). The immunoblots from Figure 2A were reprobed as described in Materials and Methods, and stained with a MAP kinase antibody that detects total ERK levels (B, upper panel). Data for total ERK protein were analyzed by scanning densitometry of autoradiograms and are presented as the mean Ϯ SD (n ϭ 4 per group, B, lower panel).
18 mg/kg/day and control animals were infused with saline for 3, 10 and 20 days. An autoradiogram showing the data for ERK1 and ERK2 from a single rat is presented in Figure 2A (upper panel). Both ERKs have the same pattern of activation after 10 and 20 days of PCP administration. Differences in ERK1 (middle panel) and ERK2 (lower panel) activation were quantified by densitometry and expressed in arbitrary densitometric units. The values for p-ERK1 at three days of PCP infusion were 597 Ϯ 155 (SD), at 10 days were 1555 Ϯ 122, and at 20 days were 2415 Ϯ 546, and for p-ERK2 were 647 Ϯ 170, 1618 Ϯ 121, 2623 Ϯ 450, respectively.
In the cerebellum of rats, there was no change in the phosphorylated forms of ERK1 and ERK2 at three days, but a statistically significant ( p Ͻ .05) increase at 10 days (2.5-fold) and 20 days (4-fold) of PCP infusion, as compared to the matched saline controls. When the immunoblots were washed and reprobed using a MAP kinase antibody that recognizes total ERK, no changes in the protein levels of ERK were detected between the two experimental groups for 3, 10, and 20 days ( Figure  2B ). The anti-MAP kinase antibody used in this experiment mainly detects the 42-kD ERK protein.
Time-Dependent Activation of MEK by PCP in Cerebellum
The increased phosphorylation of ERK1 and ERK2 in rat cerebellum, following the chronic administration of PCP, could result from activation of upstream intermediates in the ERK pathway. Therefore, we next examined the phosphorylation and expression of MEK, the immediate activator of ERK using Western blot analysis. To determine whether MEK is activated after PCP infusions, immunoblots containing cytosolic samples from the cerebellum of rats treated with PCP for three, 10, or 20 days, as well as from control tissues of rats treated with saline were probed with phospho MEK 1/2 antibody. A representative immunoblot stained with MEK 1/2 antibody, which mainly detects protein with a molecular weight of 46-kD is shown in Figure 3A (upper panel). Differences in the phosphorylated form of MEK were quantified by densitometry of immunoblots from four rats ( Figure 3A, lower panel) .
The values for p-MEK after three days of PCP infusion were 569 Ϯ 9 (SD) arbitrary densitometric units, whereas at 10 days of PCP infusion they were 1099 Ϯ 254, and at 20 days were 1506 Ϯ 211. We found a modest, but not statistically ( p Ͼ .1) significant increase for phospho-MEK at 10 days and a significant ( p Ͻ .05) 2-fold increase at 20 days of PCP administration, as compared to the matched saline control animals. The immunoblots were reprobed with a MEK antibody, which detects total levels of MEK protein ( Figure 3B ). It can be seen that the protein levels were unaffected by chronic PCP infusion in rat cerebellum and were similar for the two experimental groups. were processed for Western blot analysis using a phosphospecific MEK 1/2 antibody (A, upper panel). Data for p-MEK were analyzed by scanning densitometry of autoradiograms and are presented as the mean Ϯ SD (n ϭ 4 per group, A, lower panel). The immunoblots from Figure 3A were reprobed using a MEK 1/2 antibody, which detects the protein levels of MEK (B, upper panel). Data for total MEK protein were analyzed by scanning densitometry of autoradiograms and are presented as the mean Ϯ SD (n ϭ 4 per group, B, lower panel).
Dose-Dependent Activation of ERK, JNK, and p38 by PCP in Cerebellum
A second series of experiments assessed the effects of lower and higher doses of PCP on ERK, and two other members of MAP kinase family, JNK and p38 in rat cerebellum. The activation of the three MAP kinases was measured by Western blot analysis using the corresponding phospho-specific antibodies. Rats (n ϭ 4 per group) , and 25 mg (lane 5) PCP infused rats for 10 days were subjected to 10% SDS-PAGE, and resulting gels were processed for Western blot analysis using phospho-specific MAP kinase antibodies against p-ERK, p-JNK, and p-p38 (A). The immunoblots were reprobed and stained with ERK, JNK, and p-38 antibodies, which detect the total amount of ERK, JNK, and p38 proteins. Data for p-ERK1 (B, upper panel) and p-ERK2 (B, lower panel), total levels of ERK1 and ERK2 protein (C) in the cerebellum analyzed by scanning of autoradiograms are presented as the mean Ϯ SD (n ϭ 4 per group). received doses of 2.5, 10, 18, and 25 mg/kg/day of PCP, or saline for 10 days. A representative immunoblot showing the concentration-dependent activation of ERK is presented in Figure 4A . The densitometric analysis revealed a significant increase in phosphorylation of ERK1 ( Figure  4B , upper panel) in PCP-treated rats at concentrations of 18 mg (1523 Ϯ 237, p Ͻ .05) and 25 mg (2473 Ϯ 325, p Ͻ .05) as compared to saline control (520 Ϯ 99).
The value for 10 mg PCP infusion tended to be significant (848 Ϯ 117, p ϭ .54). For ERK2 ( Figure 4B , lower panel) activation we observed a significant increase of phosphorylation at 10 mg (1091 Ϯ 185, p Ͻ .05), 18 mg (1598 Ϯ 279, p Ͻ .05), and 25 mg PCP (2621 Ϯ 293, p Ͻ .05) as compared to saline infused rats (738 Ϯ 51). The total amount of ERK1 ( Figure 4C , upper panel) and ERK2 ( Figure 4C, lower panel) was not affected by the increasing concentrations of PCP. In contrast to increased ERK activation, we did not observe any elevation in phosphorylation of JNK (54 kD) or JNK (46 kD), and p38 in the cerebellum of rats infused with PCP for up to 25 mg for 10 days (Figure 4A middle panel; densitometric analysis not shown). The total amount of the proteins remained unaltered as well. It should also be noted that high basal levels of phosphorylation for JNK and p38 were detected in the control saline-infused rats.
Dose-Dependent Effect of PCP on ERK, JNK, and p38 in Brainstem, Frontal Cortex and Hippocampus
Next, we sought to determine if there is a differential and brain region-specific activation of MAP kinases by PCP. We performed Western blot analysis using phosphospecific antibodies against ERK, JNK, and p38 on homogenates of brainstem, frontal cortex and hippocampus ( Figure 5 ). It can be seen from the figure that there was no detectable activation of ERK1 and ERK2, JNK, or p38 in the brainstem, frontal cortex, or hippocampus in rats given PCP in concentrations of 2.5, 10, 18, and 25 mg/kg/ day for 10 days as compared to saline infusion. The total amounts of protein of all three members of MAP kinase family were not altered (data not shown). Again, in the three investigated tissues high basal levels of phosphorylation in control rats were observed.
Effect of PCP on ERK in Liver
Since PCP is metabolized in the liver, we examined the time-dependent activation of ERK1 and ERK2 in liver extracts of animals after chronic administration of PCP (18 mg/kg/day). However, Western blot analysis did not reveal any changes in either the phosphorylation or in the total protein levels of ERK from 3, 10, and 20 day PCP-infused rats as compared to control animals (data not shown).
DISCUSSION
In previous postmortem studies, we demonstrated alterations in the ERK pathway in cerebellar vermis, but not in brainstem or frontal pole (Brodmann area 10), from patients with schizophrenia. We found increased protein levels of ERK2 and decreased protein levels of the corresponding MAP kinase phosphatase (MKP) 2, a dual specificity phosphatase that dephosphorylates both the tyrosine and threonine residues (Kyosseva et al. 1999) . We also found an increase in the protein levels of transcription factors Elk-1, CREB and ATF-2 in the cerebellar vermis (Kyosseva et al. 2000) .
In addition, the two upstream kinases, MEK and c-Raf were elevated in the vermis as well (unpublished results). Therefore, the present study was designed to determine the role of MAP kinase signal transduction pathways leading to ERK, JNK, and p38 kinase activation following Figure 5 . Dose-dependent effect of PCP on ERK, JNK, and p38 in brainstem, frontal cortex, and hippocampus. Cytosol fractions (50 g protein/lane) from saline (lane 1), 2.5 mg (lane 2), 10 mg (lane 3), 18 mg (lane 4), and 25 mg (lane 5) PCP infused rats for 10 days were subjected to 10% SDS-PAGE, and resulting gels were processed for Western blot analysis using phospho-specific MAP kinase antibodies against p-ERK, p-JNK, and p-p38. Representative immunoblots (n ϭ 4 per group) from brainstem (BS), frontal cortex (FC), and hippocampus (HC) are presented. chronic administration of the psychotomimetic drug PCP. To assess the activation of ERK, we first examined by Western blot analysis the phosphorylation of ERK1 and ERK2 in the cerebellum of rats treated with PCP for various times. Staining for the dually phosphorylated and active forms of ERK1 and ERK2 reveals a 4-fold increase in the levels of these proteins in the cerebellum of rats given PCP for 20 days, as compared to saline-infused controls (Figure 2) . We have also demonstrated an increase of about 2-fold in the phosphorylation state of MEK in the cerebellum of animals treated with PCP for 20 days (Figure 3 ). This observation is of some significance because the activation of ERK is the result of sequential activation of this dual specificity kinase (Crews et al. 1992; Zheng and Guan 1993) .
In our experiments of time-related activation of ERK, rats were infused with 18 mg/kg/day PCP. This PCP dose produces a moderate suppression of spontaneous motor activity and other behavioral effects for 3-4 days in male rats (Wessinger and Owens 1991) . However, a number of studies have shown induction of stereotyped behaviour, locomotor hyperactivity and ataxia in rats starting from 0.5 mg/kg PCP (for review, see SamsDodd 1997). Thus, doses of 5-10 mg/kg PCP were used in rodents to model the schizophrenia state. Therefore, in this study we present data on the effects of PCP doses of 2.5, 10, 18, and 25 mg, on ERK, JNK, and p38 in several brain regions that are known to be implicated in schizophrenia and PCP psychosis. ERK, JNK, and p38 MAP kinases play important roles in mediating signal transduction from the membrane to the nucleus. Although all three MAP kinases are structurally related, they are activated by different extracellular stimuli (Davis 1994) .
Activation of JNK and p38 has been shown to be necessary for the induction of apoptosis in neuronal cells, whereas ERK regulates cell growth and differentiation (Xia et al. 1995) . For example, activation and involvement of JNK and p38 MAP kinase in glutamate-induced apoptosis in rat cerebellar granule cells was reported (Kawasaki et al. 1997) . However, recent studies demonstrated that neuronal differentiation also can be mediated by p38 MAP kinase in PC12 cells (Morooka and Nishida 1998; Iwasaki et al. 1999) and that ERK1/2 are involved in glutamate-induced apoptotic-like death in cultured rat cortical neurons (Jiang et al. 2000) . In this study we found increased dose-dependent phosphorylation of ERK1 and ERK2 in the cerebellum but not in brainstem, frontal cortex and hippocampus. In contrast, no activation of JNK or p38 MAP kinase was observed in all investigated brain regions including cerebellum. It was concluded that three MAP kinases are specifically and differentially activated by chronic administration of PCP in rat brain, suggesting that they may have opposing functions with respect to cell survival and death.
The fact that we have found abnormalities of ERK signal transduction pathway only in the cerebellum of patients with schizophrenia, as well as in rats given PCP, is not surprising because new evidence suggests that the neurocircuitry for schizophrenia may include the cerebellum. Anatomical and neuroimaging studies have shown that the cerebellum is involved in both motor and cognitive function (Allen et al. 1997; Desmond and Fiez 1998; Middleton and Strick 1998; Schmahmann 1998) . Several positron emission computed tomography studies have found abnormalities in cerebellar blood flow in a variety of cognitive tasks (Andreasen et al. 1996 (Andreasen et al. , 1997 . A particular cerebellar region, the anterior vermus was assumed to be important in schizophrenic disorders (Martin and Albers 1995) . A recent magnetic resonance imaging study found that patients with schizophrenia had a smaller cerebellar vermis size, accounted by a smaller anterior lobe (Nopoulos et al. 1999) . A reduction in the size of the Purkinje cells in the cerebellar vermis of schizophrenic patients has also been reported (Tran et al. 1998) .
There is now considerable evidence suggesting a role of MAP kinase cascades in the central nervous system (CNS). A recent study provided evidence for the involvement of MAP kinases in hippocampal long-term potentiation (English and Sweatt 1997). In addition it has been shown that the activation of the MAP kinase pathway is essential in Purkinje cells for the induction of cerebellar long-term depression (Kawasaki et al. 1999) .
Despite the increasing numbers of studies suggesting an important role for the MAP kinases in neuronal cells, the role of this signal transduction pathway in various psychiatric disorders and drug-induced psychosis is still poorly understood. It has been shown that electroconvulsive shock (ECS), an effective treatment for depression and schizophrenia, induce activation and tyrosine phosphorylation of ERK1 and ERK2 in rat hippocampus (Kang et al 1994) . In a recent report the same group found activation of p38 MAP kinase in both hippocampus and cerebellum and increase of JNK phosphorylation only in rat hippocampus, suggesting a differential activation of MAP kinase family in rat brain following ECS (Oh et al. 1999) .
Two studies have examined the effect of chronic morphine and cocaine on ERK and MEK expression in rat brain. Ortiz and coworkers (Ortiz et al. 1995) have reported that chronic morphine treatment selectively increased the levels of ERK1 and ERK2 in locus coeruleus and caudate/putamen. In contrast, they did not find any changes in ERK levels in the other brain regions examined, such as substantia nigra, ventral tegmental area, nucleus accumbens and frontal cortex. On the other hand, chronic, systematic administration of morphine or cocaine is reported to increase the phosphorylation and activity of ERK in ventral tegmental area, thus contributing to a drug-induced increase in tyrosine hydroxylase (Berhow et al. 1996) . In that study evidence was also provided that the increase in ERK activity after chronic and morphine treatments is mediated via a glutamate-dependent mechanism. Another study suggested that neurotrophin-3 contributes to the initiation of behavioral sensitization to cocaine by activating the Ras/MAP kinase signal transduction cascade (Pierce et al. 1999) .
Glutamate, one of the major excitatory neurotransmitters in mammalian CNS, plays an important role in plasticity and toxicity in neurons, and is thought to be involved in various CNS disorders. NMDA-type glutamate receptors modulate multiple signaling pathways, including MAP kinase cascades in neuronal cells (Bading and Greenberg 1991; Xia et al. 1996; Mukherjee et al. 1999) . Excitatory neurotransmission through NMDA receptors usually increases intracellular Ca 2ϩ levels. It has been shown that glutamate-induced Ca 2ϩ influx into neurons activates both ERK (Fiore et al 1993b; Kurino et al. 1995; Vanhoutte et al 1999; Schwarzschild et al. 1999) and JNK/SAPK (Schwarzschild et al. 1997 ) signaling pathways. In contrast, extracellular Ca 2ϩ was not required for the NMDA-receptor-mediated activation of SAPK in cultured striatal neurons (Schwarzschild et al. 1999) . PCP acts as a glutamate NMDA receptor antagonist, binding to a specific site located inside the cation channel. It blocks the flow of Ca 2ϩ through the channel and antagonizes the action of NMDA receptor-mediated transmission. Therefore, based on these findings, it may be postulated that the PCP-induction of the ERK signaling pathway in rat cerebellum does not require extracellular Ca 2ϩ
. However, what is the exact mechanism of ERK activation by PCP is not clear from this study.
In summary, we have shown that chronic administration of PCP in male rats produces a time-and dosedependent activation in the phosphorylated and active forms of several intermediates only of the ERK pathway, specifically in the cerebellum. Our results suggest the possibility that the differential activation of MAP kinases might have important implications for understanding the mechanism of PCP dependence. Furthermore, the fact that we did not detect any differences in the phosphorylated or protein levels of ERK1 and ERK2 in the liver, where this drug is metabolized, suggests a specific alteration of this signal transduction pathway in the brain.
Finally, we believe that PCP infusion into rats can produce a promising model for investigating the molecular mechanism of the ERK signal transduction abnormalities observed in the brains of patients with schizophrenia, as well as in PCP-induced psychosis. Future studies will be necessary to elucidate the mechanism of signal transduction pathways and downstream targets of MAP kinases following chronic and acute administration of PCP.
